Indoxyl sulfate upregulates the cannabinoid type 1 receptor gene via an ATF3/c-Jun complex-mediated signaling pathway in the model of uremic cardiomyopathy.
The risk of cardiovascular disease is notably increased in patients with chronic kidney disease (CKD) and cannabinoid receptor type 1 (CB1R) plays an important role in the development of uremic cardiomyopathy. However, the molecular mechanism underlying the uremic toxin-induced upregulation of CB1R remains elusive. The expression of the ATF3/c-Jun complex and CB1R in both in vivo and in vitro models of CKD were measured. We also determined the impact of the ATF3/c-Jun complex on CB1R expression by transfecting H9c2 cells with dominant negative mutants of ATF3 or c-Jun. Inhibitors of organic anion transport, specific MAPK pathways and oxidative DNA damage were also used to assess the pathways mediating the effects of indoxyl sulfate (IS). CB1R upregulation was associated with increased ATF3 expression and c-Jun phosphorylation in CKD both in vivo and in vitro. Expression of dominant-negative ATF3 or c-Jun mutants in IS-treated cells significantly reduced CB1R mRNA levels. Moreover, Co-IP revealed that the ATF3/c-Jun complex is formed and ChIP confirmed its binding to the CB1R promoter, suggesting that this complex directly stimulates CB1R transcription in CKD. Blocking the cellular entry of IS using an organic anion transport inhibitor, as well as inhibiting the ERK1/2 and/or JNK pathways, abrogated the effects of IS on CB1R, ATF3, and c-Jun expression. The IS-induced reactive oxygen species (ROS) was observed in the mitochondria. We demonstrate that uremic toxins induce ATF3/c-Jun complex-mediated CB1R expression both in vivo and in vitro, possibly by modulating the ERK1/2 and JNK signaling pathways and ROS.